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SEMICONDUCTOR WAFER AND A METHOD FOR MANUFACTURING A 
SEMICONDUCTOR WAFER 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Applications No. 
P2002-305330, filed on October 21 , 2002; the entire contents of which 
are incorporated herein by reference. 

) 

BACKGROUND OF THE INVENTION 



15 



20 



1. Field of the Invention 

The present invention relates to a semiconductor wafer, 
particularly to a semiconductor wafer having a highly visible ID 
mark provided at an outer peripheral part thereof, which is suitable 
for providing consistent production control of a manufacturing 
process of a semiconductor device, and to a method for manufacturing 
the semiconductor wafer. 



2. Description of the Related Art 

Usually, in a series of manufacturing processes of a 
semiconductor device, there are as many as several hundred processes 
where control of manufacturing conditions and the like are required. 
25 in manufacturing processes of the semiconductor device, strict 
manufacturing conditions need to be set in each manufacturing 
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- process. These manufacturing processes are controlled using an ID 
mark provided on a parr of a principal side of the semiconductor 
wafer, including figures, characters, bar codes, etc. 

The ID mark is usually made up of a number or a symbol showing 

5 the manufacture hisrory for identifying the semiconductor wafer. 
Also, as the ID mark, a soft-mark engraved on a surface of the 
semiconductor wafer and a hard-mark engraved on a backside thereof 
are generally known. Both types of marks are made up of a plurality 
of recessed dors (holes) formed by irradiating the surface of the 

10 semiconductor wafer with a laser beam and locally removing silicon 

therefrom. .. . 

Namely, the ID mark is formed by a pulse laser beam irradiated 
continuously onto the surface of the semiconductor wafer through 
an optical system. The ID mark may have an engraved area of several 
15 mm x several cm under the present circumstances in order to ensure 
the visibility thereof for the people working in the manufacturing 
process. Therefore, the loss in element formation level area is 
large . 

Also, dots are generally formed by irradiating a high-energy 
20 laser beam onto a part of the surface of the semiconductor wafer 
to melt and remove a spot-shaped part. In this case, silicon 
(particles) melted and removed are scattered around the dots to be 
deposited again on the surface of the semiconductor wafer. The 
particles inhibit the element formation, which greatly influences 
25 the quality of a semiconductor product. 

The soft-mark formed on the surface of the semiconductor wafer 
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* in this way is recently in heavy usage in the semiconductor 
manufacturing process. If a chemical mechanical polishing process 
(hereinafter, referred to as "CMP process") is performed repeatedly, 
the soft-mark is flattened and a recognition ratio thereof decreases . 
5 Moreover, since the hard-mark is formed on the backside of the 
semiconductor wafer, the operation to reverse the semiconductor 
wafer to detect the hard-mark is an added step. In addition , a slight 
unevenness is formed on the backside of the semiconductor wafer, 
which leads to a blurred focus for lithography. 
10 in order to avoid the blurred focus in semiconductor 

lithograp.ny._and impairment of the element formation levels of the 
semiconductor wafer, the laser beam is irradiated onto a bevel 
contour of an outer peripheral part of the semiconductor wafer using 
a mark pattern to form an image of a mark. Extremely minute dots 
15 with a protruding shape are thus formed, which are raised from the 
surface of the bevel contour. 

However, the ID mark made up of such extremely minute 
protruding dots is cut off every time a polishing cloth is brought 
into contact with the bevel contour and gradually disappears. 
20 Accordingly, the visibility of the ID mark is extremely decreased. 
Furthermore, information about the wafer with the decreased 
visibility, ID mark is fed back to the processing condition for the 
next manufacturing process. This feed-back process control leads 
to a wrong setting of the process condition and a malfunction of 
25 a process device and causes a fatal defect in the quality of the 
product. Therefore, consistent production control of the 
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SUMMARY OF THE INVENTION 

5 An aspect of the present invention inheres in a semiconductor 

wafer including (a) a first principal side and a second principal 
side opposite to each other, (b) a first bevel contour and a second 
bevel contour provided at an outer periphery of the first principal 
side and the second principal side, (c) a first recess formed in 

10 the first bevel contour, and 

(d) a f irst, type of IP mark configured by a protruding dot provided 

on a bottom face of the first recess. 

Another aspect of the present invention inheres in a 
semiconductor wafer including (a) a first principal s ide and a second 
15 principal side opposite to each other, (b) a first bevel contour 
and a second bevel contour provided at an outer peripheral part of 
the first principal side and the second principal side, (c) a first 
type of ID mark of protruding dots provided on at least one of the 
first bevel contour and the second bevel contour, and (d) a second 
20 type of ID mark of recessed dots provided on at least one of the 
first bevel contour and the second bevel contour. 

Another aspect of the present invention inheres in a 
semiconductor wafer including (a, a first principal side and a second 
principal side opposite to each other, lb) a first bevel contour 
25 and a second bevel contour provided at an outer peripheral part of 
the first principal side and the second principal side, and (c) 



A 
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an ID mark of shape having a ring-shaped depression around a center 
protrusion . 

Another aspect of the present invention inheres in a 
semiconductor wafer including (a) a first principal side and a second 
5 principal side opposite to each other, lb) a first bevel contour 
and a second bevel contour provided at an outer peripheral part of 
the first principal side and the second principal side, and (c) 
an ID mark including a combination of a first protruding dot and 
a second recessed dot at a part of the first bevel contour. 
10 A foregoing aspect of the present invention inheres in a method 

for manufacturing a semiconductor wafer including (a) forming 
respectively a first bevel contour and a second bevel contour at 
an outer peripheral part of a first principal side and a second 
principal side of a wafer, and <b) providing a ID mark to at least 
15 one of the first bevel contour and the second bevel contour. 



BRIEF DESCRIPTION OF DRAWINGS 
Fig.lA is a perspective schematic view showing the 
configuration of a semiconductor wafer according to a first 
20 embodiment of the present invention. 

Fig. IB is a sectional view taken on line I B- I B in Fig.lA. 
Fig. 2 is a flowchart for explaining a manufacturing process 
of a semiconductor wafer according to a first embodiment of the 
present invention . 
25 Fig. 3 is a conception diagram explaining a formation method 

of a hollow in a manufacturing process of a semiconductor wafer 
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" according to a first embodiment of the present invention. 

Fig. 4 is an outline view showing the configuration of 
semiconductor a wafer according to a first modification of the 
first embodiment of the present invention. 
5 Fig.5A is an outline view showing the configuration of a 

semiconductor wafer according to a second modification of the first 
embodiment of the present invention. 

Fig.5B is a sectional view taken on line vB-vB in Fig.5A. 
Fig. 6 is an outline view showing the configuration of a 
10 semiconductor wafer according to a third modification of the first 

.embodiment of the .present invention . 

Fig. 7 is an outline view showing the configuration of a 
semiconductor wafer according to a second embodiment of the present 
invention . 

15 Fig.SA and 8B are sectional views showing an ID mark according 

t0 a second embodiment of the present invention. 

Fig. 9 is a graph showing relationship between the shape of a 
dot formed on semiconductor wafer and laser power according to a 
second embodiment of the present invention. 
20 Fig. 10 is an outline view showing the configuration of a 

semiconductor wafer according to a first modification of the second 
embodiment of the present invention. 

Fig. 11 is a sectional view showing a feature part of a 
semiconductor wafer according to a second modification of the second 
25 embodiment of the present invention. 

Fig. 12 is a sectional view showing a feature part of a 
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• semiconductor wafer according to a third modification of the second 
embodiment of rhe present invention. 

Fig. 13 is an outline view showing the configuration of a 
semiconductor wafer according to a fourth modification of the second 
5 embodiment of the present invention. 

Fig. 14 is an outline view showing rhe configuration of a 
semiconductor wafer according to a third embodiment of the present 
invention . 

Fig. 15 is a sectional view showing an ID mark according to a 
10 third embodiment of the present invention. 

Fig. 16 is a graph showing relationship between the shape of 
a dot formed on semiconductor wafer and laser power according to 
a third embodiment of the present invention. 

Fig. 17 is an AFM image showing the shape of a dot according 
15 to a third embodiment of the present invention. 

Fig.lSA is an outline view showing the configuration of a 
semiconductor wafer according to a first modification of the third 
embodiment of the present invention. 

Fig.lSB is a sectional view taken on line XVI I B — XVI I B in 
20 Fig.l8A. 

Fig. 19 is an outline view showing the configuration of 
semiconductor wafer according to a fourth embodiment of the present 
invention. 

Fig.20A is a figure of a dot pattern showing a configuration 
25 of an ID mark according to a fourth embodiment of the present 
invention . 
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Fig.20B is a sectional view taken on line XXB -XXB inFig.20A. 
Fig. 21 is an outline view showing the configuration of a 
semiconductor wafer according to a fifth embodiment of the present 
invention . 

5 Fig. 22 is a graph showing relationship between the shape of 

a dot formed on semiconductor wafer and laser power according to 
a fifth embodiment of the present invention. 

Figs.23A to 23C are sectional views showing a method of 
manufacturing a semiconductor wafer according to a fifth embodiment 
10 of the present invention. 

Figs . 2.4A to _2 4C are outline views showing a method of 
manufacturing a semiconductor wafer according to another embodiment 
of the invention. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Various embodiments of the present invention will be described 
with reference to the accompanying drawings . It is to be noted that 
the same or similar reference numerals are applied to the same or 
similar parts and elements throughout the drawings, and the 

20 description of the same or similar parts and elements will be omitted 
or simplified. 

in the following descriptions, numerous specific details are 
set forth such as specific signal values, etc to provide a thorough 
understanding of the present invention . However , it will be obvious 
25 to those skilled in the art that the present invention may be 
practiced without such specific details. 
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(first embodiment) 

As shown in Figs . 1A and IB, a semiconductor wafer 11a according 
to a first: embodiment of the invention includes: a first principal 
side (top surface) 12a and a second principal side (bottom surface) 
5 12b opposite to each other; a first bevel contour 13a and a second 
bevel contour 13b provided at the outer peripheral part of the first 
principal side 12a and the second principal side 12b; and a first 
type of ID mark 17 made up of a first dot 21a provided at the first 
bevel contour 13a. On the first principal side 12a, a plurality of 
10 semiconductor elements 15 are formed. At a portion of the outer 
peripheral part of the. semiconductor wafer 11a, a notch 14 showing 
a reference position is formed. At the first bevel contour 13a, 
a first recess 16 is formed close to the notch 14. 

The first type of ID mark 17 is provided on a bottom face of 
15 the first recess 16. The first type of ID mark 17a indicates 
information related to the lot No. and a manufacture order of a 
product, a function of a product and the like. The ID mark may be 
an alphameric character, a bar code, a two-dimensional code, etc. 
For example, in the case where the first type of ID mark 17 is a 
20 two-dimensional code, it is made up of sixteen x sixteen of the first 
dots 21a, or eight x thirty-two of the first dots 21a. The first 
type of ID mark 17 is formed by extremely minute dots having a width 
of 6 urn and a height of 0.5 urn, for example. The first type of ID 
mark 17 is visually recognized by being monitored with a 
25 photoelectric transducer such as a charged coupled device (CCD) 
camera . 
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The bottom face of the first recess 16 is smooth. The 
inclination angle of the bottom face of the first recess 16 ro the 
first principal side 12a is set in a range of 30' to 60' . This range 
is larger than the angle between the first principal side 12a and 
5 the first bevel contour 13a (about 22 •) . This is a preferable range 
without damaging the original purpose of the bevel contour . Further , 
the first recess 16 is preferably formed within approximately 10 
mm from the notch 14. The distance is not particularly limited 
thereto. However, if the first recess 16 is formed close to the 
10 notch 14, movement time of the photoelectric transducer to visually 
recognize the first type of ID mark 17 can be shortened. 

A method of manufacturing the semiconductor wafer 11a 
according to the first embodiment will be explained with reference 
to Figs. 2 and 3 below. 
15 (A) First, in step SOI, as shown in Fig. 2, for example, a 

boron-doped p-type (100) silicon monocrystal ingot having a 
resistivity of 5 to 10 Cicm is prepared. Next, in step S02 , by 
polishing process, rhe outer peripheral part of the silicon 
monocrystal ingot is formed with a desired diameter. Thereafter, 
20 in step S03, the notch 14 having in-plane crystal orientation 
(usually showing a lllO) orientation) of the semiconductor wafer 
is formed on the ingot. Then, the block cutting process of step S04 
and slice processing of step SOS cut the ingot into a wafer shape. 

(B) In step SO 6 , the outer peripheral parts of the first 
25 principal side 12a and the second principal side 12b of the wafer, 
are beveled respectively , to form the first and second bevel contours 
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- 13a and 13b. In step S07, at a portion of the first bevel contour 
13a, the first recess 16 is formed. At this time, the first recess 
16 is formed, as shown in Fig. 3, by having a rotating grinder rod 
18 pressed to a part of the first bevel contour 13a, thereby cutting 

5 off a part of the circumference of the first bevel contour 13a. 

(C) In step S08, lapping is carried out on the first and the 
second principal sides 12a and 12b and the first and the second bevel 
contours 13a and 13b of the wafer. 

(D) In step S09, an etching treatment is carried out in order 
10 to remove a large undulation on the first and the second principal 

sides 12a and 12b of the wafer. The etching treatment includes 
alkaline etching using an alkaline solution and acid etching using 
an acid solution. In step S10, a mirror-surface polishing process 
is carried out on the first principal side 12a, the first bevel 
15 contour 13a, and the first recess 16 of the wafer. Thereafter, in 
step Sll, cleaning and testing of the wafer are carried out. 

(E) In step S12, as shown in Fig. 1, the first type of ID mark 
17a is provided on the bottom face of the first recess 16. At this 
time, dots constituting the first type of ID mark 17 are formed in 
20 a process of melting and re-crystallization of the surface of silicon 
by irradiating the bottom face of the first recess 16 with an He-Ne 
laser beam having a Gaussian-shape energy density distribution, for 
example. 

According to the semiconductor wafer 11a of the first 
25 embodiment, the first recess 16 is formed at the first bevel contour 
13a, and the first type of ID mark 17 is provided on the bottom face 



1 1 
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of the first recess 16. Therefore, a polishing cloth does not 
contact the bottom face of the first recess 16 at the time of the 
CMP process, thereby preventing the first type of ID mark 17 from 
being cut off. Accordingly, high visibility of the first type of 
5 id mark 17 is maintained, and thus consistent production control 
of the manufacturing processes of the semiconductor device is 
enabled . 

Note that in the first embodiment, explanation is given for 
rhe case where one first type of ID mark 17 is provided on the bottom 
10 face of the first recess 16. However, a plurality of ID marks may 
also be formed. 

(first modification of first embodiment) 

The semiconductor wafer lib according to a first modification 
15 of the first embodiment of this invention is different from the first 
embodiment in that, as shown in Fig. 4, close to the notch 14, the 
ID mark 17b having the same code as that of the first type of ID 
mark 17a is further provided on the bottom face of the first recess 
16 at a portion of the first bevel contour 13a. The first type of 
20 ID mark 17 is indicated by 17a and 17b. Other elements are 
substantially the same as that of the semiconductor wafer 11a shown 
in the first embodiment, therefore repeated explanation is omitted. 

The first type of ID marks 17a and 17b are provided so as to 
have a space of about 100 urn in the longitudinal direction (in the 
25 thickness direction of the wafer) , and about 500 um in the lateral 
direction (in the circumferential direction of the wafer) between 

19 
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the marks. The first type of ID marks 17a and 17b have an area of 
100 Jim x 100 Hm, and provided as protruding-shape dots protruding 
from the bottom face of the first recess 16. 

According to the first modification of the first embodiment, 
5 two ID marks such as the first type of ID marks 17a and 17b 
representing the same code are formed so, which are displaced from 
each other in the thickness direction and the circumferential 
direction of the semiconductor wafer lib. Generally, in the CMP 
process intended for metal films such as tungsten (W> , aluminum (Al) , 
10 and copper (Cu) , the closer the protruding-shape dots constituting 
the- ID mark are to the second principal side 12b , the less . the dots 
are cut off. 

Therefore, according to the semiconductor wafer lib of the 
first modification of the first embodiment, by use of the first type 
15 of ID mark 17a of the second principal side 12b, information can 
be read even when recognition failure occurs in the first type of 
ID mark 17b of the first principal side 12a. A consistent production 
control of the manufacturing processes of the semiconductor device 
is thus enabled. 

20 Note that according to the first modification of the first 

embodiment, the first type of ID marks 17a and 17b are provided so 
as to be displaced from each other in the thickness direction and 
the circumferential direction acceptable for the marks of the 
semiconductor wafer lib. However, it is also to be displaced to only 

25 in the thickness direction, or only in the circumferential 
direction . 
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(SECOND MODIFICATION OF FIRST EMBODIMENT) 

The semiconductor wafer 11c according to a second modification 
of the first embodiment of the invention is different from the 
5 semiconductor wafer 11a shown in the first embodiment in that, as 
shown in Figs. 5A and 5B, a second recessed part 16b is formed close 
to the notch 14 of the second bevel contour 13b, and the first type 
of ID mark 17c having the same code as that of the first type of 
ID mark 17a is further provided on the bottom face of the second 
10 recessed part 16b. The first type of ID mark 17 is indicated by 17c. 
Other elements are substantially the same as that of the 
semiconductor wafer 11a shown in the first embodiment, therefore 
repeated explanation is omitted. 

The second recessed part 16b is formed in the following manner . 
15 The first recess 16a is formed, and then the semiconductor wafer 
lie is inverted, and as shown in Fig. 3, the grinder rod 18 is pressed 
to the second bevel contour 13b provided opposite to the first recess 
16a while being rotated, and the silicon of that part is cut off. 
The position of the second recessed part 16b to be formed is 
20 not particularly limited as described. However, by providing the 
second recessed part 16b at the position opposite to the first 
recess 16a, processing of the recess is facilitated. In addition, 
a mutual distance between the first type of ID marks 17a and 17c 
is decreased, resulting in shortened movement time of the 
25 photoelectric transducer for reading the first type of ID marks 
17a and 17c. 
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According to the second modification of the first embodiment, 
the first type of ID mark 17c having the same code is formed also 
on the second principal side 12b of the semiconductor wafer 11c. 
Generally, in the CMP process intended for metal films such as W, 
5 Al, and Cu or the like, the polishing cloth is not brought into 
contact with the backside (the second principal side 12b) of the 
semiconductor wafer 11c. Therefore, the first type of ID mark 17c 
is maintained without being cut off. Thus, according to the 
semiconductor wafer 11c of the second modification of the first 
10 embodiment, even when recognition failure occurs for the first type 
of xd mark 17 a of the first .principal side 12a, by use of the first 
type of ID mark 17c of the second principal side 12b, the ID 
information can be read. Thus, consistent production control of 
the manufacturing processes of the semiconductor device can be 
15 enabled. 

Note that according to the second modification of the first 
embodiment, the first recess 16a and the second recessed part 16b 
are provided opposite to each other. However, the recessed parts 
16a and 16b may also be provided on a state displaced from each other 
20 in the lateral direction. 

(THIRD MODIFICATION OF FIRST EMBODIMENT) 

A semiconductor wafer lid according to a third modification 
of the first embodiment is different from the semiconductor wafer 
25 11a shown in the first embodiment in that, as shown in Fig. 6, a 
third recessed part 16c is formed at a portion of the first bevel 
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- contour 13a close to the notch 14 on the opposite side of the first 
recess 16a with the notch 14 interposed therebetween. The first type 
of ID mark I7d having the same code as that of the first type of 
ID mark 17a is provided on the bottom face of the third recessed 

5 parr 16c. The first type of ID mark 17 is indicated by 17d. Other 
elements are substantially the same as that of the semiconductor 
wafer lla shown in the first embodiment , therefore repeated 

explanation is omitted. 

The third recessed part 16c is formed in the following manner . 
10 As shown in Fig. 3, the grinder rod 18 is pressed to the level 

including the first recess 1 6a and the third recessed part 16c while 

being rotated, and a part of the silicon of the outer peripheral 
portion of the first bevel contour 13a is cut off. 

The position of the third recessed part 16c is not particularly 
15 limited to that described. However, if the position of the third 
recessed part 16c is continuously provided interposing the notch 
14, processing of the recessed part is facilitated. In addition, 
the first type of ID marks 17a and I7d are formed close to the notch 
14, resulting in shortened movement time of the photoelectric 
20 transducer for reading the first type of ID marks 17a and l7d. 
Therefore, according to the semiconductor wafer lid of the third 
modification of the first embodiment, even when recognition failure 
occurs in one of the ID marks, by the use of the other ID mark, the 
information can be read. Thus, consistent production control of the 
25 manufacturing processes of the semiconductor device can be enabled . 

Note that in the third modification of the first embodiment, 



1 fs 
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as shown in the first modification of the above-described first 
embodiment, two ID marks may be formed at the first recesss 16a and 
16c so as to be displaced from each other in longitudinal and lateral 
directions, or may be formed in a line in the longitudinal and lateral 
5 directions . 

(second embodiment) 
A semiconductor wafer lie according to a second embodiment is 
different from the semiconductor wafer 11a shown in the first 
10 embodiment in that, as shown in Fig. 7, a first type of ID mark 
17e of protruding dots protruding from the surface of the first 
bevel contour 13a and a second type of ID mark 22 of recessed dots 
recessed from the surface of the first bevel contour 13a are formed 
side by side at a part of the first bevel contour 13a close to 
15 the notch 14. Furthermore, semiconductor wafer lie according to 
the second embodiment is different in that first recesss 16a shown 
in Fig- 1 are not formed. The first type of ID mark 17 is indicated 
by 17e. The second type of ID mark is indicated by reference number 
22. Other elements are substantially the same as that of the 
20 semiconductor wafer 11a shown in the first embodiment, therefore 
repeated explanation is omitted. 

The first type of ID mark 17e and the second type of ID mark 
22 are the same codes. A first dots 21a are protruded in a process 
of melting and re-crystallization of the surface of silicon shown 
25 in Fig. 8A . On the other hand, the second dots 21b are recessed 
from the surface of the first bev 1 contour 13a in a process of 

17 
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• melting of the surface of silicon shown in Fig. 8B. For example, 
che first dots 21a and the second dots 21b are formed by irradiating 
a stepless pulse laser beam over an optical system at an appointed 
position of the first bevel contour 13a, and are formed by melting 

5 the semiconductor surface of the first bevel contour 13a . The first 
dots 2la and the second dots 21b are divided by changing laser 
power . 

In Fig. 9, abscissa is laser power, and ordinate is dot height . 
in other words, Fig. 9 shows the relation between laser power and 
10 dot height. The control region of Fig. 9 show the relation in which 
the. height of the first dots 21a of protruding-shape increases with 
laser power. The shaded regions A and B or the regions lower than 
!20mW and higher than 320mW of power levels in Fig. 9 represent the 
regions in which the send recessed dots 21b are formed. 
15 The second dot 21b is formed in the lower and higher power level 

regions A and B of laser power inFig.9. However, silicon (particles) 
melted and removed scatter in the higher power level region B. The 
scattered particles accumulate on the semiconductor wafer lie 
surface, and quality of a product includes fear to give influence. 
20 Therefore , the lower power level region A is more desirable , because 
the scattered particles will obstruct the element formation, and 
deteriorate quality of a product. 

According to the semiconductor wafer lie of the second embodiment, 
even if the first dots 21a having a protruding-shape are flattened 
25 by a repeated CMP process, the second dots 21b are not affected 
because of the recessed shape. In addition, even if the second 

18 
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- recessed dots 21b are buried by sedimentation due to deposition 
processes such as repeated CVD and sputtering production process 
for the semiconductor device, the first dots 21a of the 
protruding-shape are not buried because such shape is the to reverse 

5 the second dors 21b, 

Therefore, according to the semiconductor wafer lie of the second 
embodiment, even when recognition failure occurs in the first type 
of ID mark I7e due to a CMP process, by the use of the second type 
of ID mark 22, the information can be read. In addition, even when 
10 recognition failure occurs in the second type of ID mark 22 due to 
a deposition process, by. the use of the first type of ID mark l7e, 
rhe information can be read. Thus, consistent production control 
of the manufacturing processes of the semiconductor device can be 
enabled. 

15 Furthermore, a special recessed part is not needed in order to 

nvake the first type of ID mark 17e and the second type of ID mark 
22 for the first bevel contour 13a. Therefore, production of 
semiconductor wafer lie is simplified. 



20 



(FIRST MODIFICATION OF SECOND EMBODIMENT) 

A semiconductor wafer llf according to a first modification 
of the second embodiment of this invention is different from the 
semiconductor wafer lie of second embodiment in that, as shown in 
Fig. 10, a first type of ID mark 17. of dots protruding from than 
25 xhe surface of the first bevel contour 13a is formed close to the 
notch 14 of the first bevel contour 13a, and a second type of ID mark 



1 o 



2003-10-17 16:39 5B5fe-FINNECAN (DC) 



ft 5M7C-MIYOSI&MIYOSI 



T-312 P. 023/061 U-378 



- 22b of recessed dots, recessed from the surface of the first bevel 
contour 13a are provided so as to be displaced from each other in 
the thickness direction and the circumferential direction of the 
semiconductor wafer ilf . The second type of ID mark 22 is indicated 
5 by 22b. Other elements are substantially the same as that of the 
semiconductor wafer lie shown in the second embodiment, therefore 
repeated explanation is omitted. 

The first type of ID mark I7e and the second type of ID mark 
22b are provided with a space of about 100 urn in the longitudinal 
10 direction (in the thickness direction of the wafer, , and about 500 
m in the- lateral direction, tin the. circumferential direction of 
the wafer) therebetween. The first type of ID mark 17e and the second 
type of ID mark 22b have an area of 100 urn x 100 urn. 

According to the first modification of the second embodiment, 
15 the first type of ID mark I7e of protruding dots and the second type 
of ID mark 22b of recessed dots are formed so as to be displaced 
from each other in the thickness direction and the circumferential 
direction of the semiconductor wafer llf. Generally, in the CMP 
process intended for metal films such as W, Al, and Cu, the closer 
20 the protruding dots of the ID mark are to the second principal side 
12b, than the surface of the wafer the less likely the dots are cut 
off. Even if the first protruding dots 21a are repeatedly affected 
by the CMP process, the second dots 21b are not damaged due to the 
recessed shape, in addition, even if the second recessed dots 21b 
25 are buried by sedimentation of deposition processes such as repeated 
CVD and sputtering, the first protruding dots 21a are not buried 
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because such shape is the reverse compared to the second dots 21b. 

Ther fore, according to the semiconductor wafer llf of the first 
modification the second embodiment, even when recognition failure 
occurs for the first type of ID mar* 17e due to a CMP process, by 
5 the use of the second type of ID mark 22b, information can be read, 
in addition, even when recognition failure occurs for the second 
type of ID mark 22b due to deposition process, by the use of the 
first type of ID mark 17e, information can be read- Thus, the 
consistent production control of the manufacturing processes of the 
10 semiconductor device can be enabled. 

Note that in the. first modification of the second embodiment, 
the first type of ID mark 17e and the second type of ID mark 22b 
may be formed so as to be displaced from each other in the lateral 
direction, or may be aligned in the longitudinal direction. 



15 



(SECOND MODIFICATION OF SECOND EMBODIMENT) 

A semiconductor wafer llf according to a second modification 
of the second embodiment of the invention is different from the 
semiconductor wafer lie shown in second embodiment in that, as shown 
20 in Fig. 11, a second type of ID mark 22c formed up of recessed dots, 
recessed from the surface of the first bevel contour 13a, is formed 
close to the notch 14 of the first bevel contour 13a, and a first 
type of ID mark 17f of protruding dots is provided on the surface 
of the second bevel contour 13b at the opposite side of the second 
25 type of ID mark 22c. The first type of ID mark 17 is indicated by 
l7 f. The second type of ID mark 22 is indicated by 22c . Other elements 
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- are substantially the same as that of the semiconductor wafer lie 
shown in the second embodiment, therefore repeated explanation is 
omitted. 

Generally, according to the semiconductor wafer llg of the second 
5 modification the second embodiment, m the CMP process intended for 
metal films such as W, Al , and Cu or the like, the polishing cloth 
is not brought into contact with the backside of the semiconductor 
wafer llg. Therefore, the first type of ID mark I7f is maintained 
without being cut off. In addition, even if the second recessed dots 
10 21b on the upper side of the semiconductor wafer llg is buried by 
sedimentation of repeated deposition processes such as CVD and 
sputtering as a production process of the semiconductor device, the 
first protruding dots 21a on the backside of the semiconductor wafer 

llg are not buried. 
15 Therefore , according to the semiconductor wafer llg of the second 

modification the second embodiment, even when recognition failure 
occurs in the second type of ID mark 22c due to a CMP process, by 
the use of the first type of ID mark 17f , the information can be 
read. In addition, even when recognition failure occurs in the second 
20 type of ID mark 22c due to deposition process, by the use of the 
first type of ID mark 17f , the information can be read. Consistent 
production control of the manufacturing processes of the 
semiconductor device can be thus enabled. 

Note that in the second modification of the second embodiment, 
25 the first type of ID mark 17 f may be formed on the upper side of 
the semiconductor wafer lie, and the second type of ID mark 22c may 
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- be formed on the backside of the semiconductor wafer Ug. 

(THIRD MODIFICATION OF SECOND EMBODIMENT) 

A semiconductor wafer llh according to a third modification of 
5 the second embodiment of the invention is different from the 
semiconductor wafer lie shown in the second embodiment in that, as 
shown in Fig. 12, in the second modification, a first type of ID 
mark I7g of protruding dots and a second type of ID mark 22d of 
recessed dots are formed side by side at a part of both the first 
10 bevel contour 13a and the second bevel contour 13b close to the notch 
- 14, The first type of. ID mark 17 is indicated by 17g. The second 
type of ID mark 22 is indicated by 22d. Other elements are 
substantially the same as that of the semiconductor wafer lie shown 
in the second embodiment, therefore repeated explanation is 
15 omitted. 

According to the semiconductor wafer llh of the third 
modification of the second embodiment, even if an ID mark of either 
type cannot be read among the four ID marks due to adhesion of a 
silicon particle to the first bevel contour 13a and the second bevel 
20 contour 13b, a CMP process, a deposition process, and other 
production processes of the semiconductor device or by wafer 
transportation, the ID mark is possible to be recognize by the use 
of either of the ID marks. Therefore, visibility of an ID mark is 
achieved in any kind of situation in a serial production process 
25 of the semiconductor device, the information can be read an ID mark 
of either side of the bevel contours . Consistent production control 
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of the manufacturing processes of the semiconductor device can be 
thus enabled. 

(FOURTH MODIFICATION OF SECOND EMBODIMENT) 

A semiconductor wafer Hi according to a fourth modification 
of the second embodiment is different from the semiconductor wafer 
lie shown in the second embodiment in that, as shown in Fig. 13, 
a first type of ID mark l7h is formed at a portion of the first bevel 
contour 13a close to the notch 14, and the second type of ID mark 
22e is formed at a portion of the first bevel contour 13a close to 
the notch. 14 on the opposite side of the first type of ID mark 17h 
with the notch 14 interposed therebetween. The first type of ID mark 
17 is indicated by 17h. The second type of ID mark 22 is indicated 
by 22e. Other elements are substantially the same as that of the 
15 semiconductor wafer He shown in the second embodiment, therefore 
repeated explanation is omitted. 

According to the semiconductor wafer Hi of the fourth 
modification of the second embodiment, even when recognition 
failure occurs in one ID mark, by the use of the other ID mark, the 
20 information can be read. Consistent production control of the 
manufacturing processes of the semiconductor device can be thus 
enabled. 

In addition, the position of the ID mark is not particularly 
limited. However, by serially providing the first type of ID mark 
25 I7h and the second type of ID mark 22e, a shortened movement time 
of the photoelectric transducer for reading the first type of ID 

24 
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raark !7h and the second type of ID mark 22e is achieved. 

(third embodiment) 

a semiconductor wafer Hi accords to a third embodiment is 
5 different from -Che semiconductor wafer lie shown in the second 
embodiment in mat, as shown in Fig. 1* and Flg.ls. - t*±«d W 
of id mark 32 made up of third dots 31, each implemented by a 
protrusion protruded from the surface of the first bevel contour 
13a and a plurality of depressions recessed from the surface of the 
XO first bevel contour 13a disposed around the protrusion is formed 
at a part of the first bevel contour 13a close to the notch 14. The 

« ™ la indicated by reference number 32. Other 

third type of ID marK muiwatcu »j 

elements are substantially the same as that of the semiconductor 
wafer lie shown in the second embodiment, therefore repeated 

15 explanation is omitted. 

For example, the third dots 31 are formed by the surface part 
of the bevel contour melted and recrystallised by a pulse laser 
beam irradiated continuously onto the surface of the bevel contour 
through an optical system. In order to form the third dots 31. 
20 irradiation power of a laser is optimized to melt the surface of 
Silicon to maKe a molten pool. In the molten pool, a waving 
phenomenon occurs depending on the depth of the molten pool, size 
of the molten pool and viscosity of silrcon solution. By the waving 

,->,. rtlid dots 31 become a ring-shaped depression 
phenomenon, the third aots ^ 

25 depressed from the surface of the first bevel contour 13a around 
s protrusion that protrudes from the surface of the first bevel 
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" contour 13a as shown in Fig. 15 and Fig. 1?. 

in Fig . 16 , abscissa is laser power , and ordinate is protrusion 
height and depression depth. In other words Fig. 16 shows the 
relation between laser power and dot height. A protrusion becomes 
5 nigh with increasing laser power according to Fig. 16. Inaddition, 
the depression is deepened if laser power is high. 

According to an experiment by the inventors, the ID mark formed 
by the protrusion dots and the depression dots can achieve stable 
recognition, if the height of the protrusion and depth of the 
10 depression is more than lOOnm when combined. Therefore, laser power 
ls - controlled so that height of. the . protrusion of the third dots 
31 and depth of the depression of the third dots 31 is more than 
lOOnm. From Fig. 16, it is preferable that laser power is more than 
2 50mW. 

15 According to the semiconductor wafer llg of the third embodiment, 

even when recognition failure occurs in the protrusion of the third 
xype of ID mark 32 due to a CMP process, by the use of the remaining 
depressions of the third type of ID mark 32, the information can 
be read. In addition, even when recognition failure occurs in the 
20 depression of the third type of ID mark 32 due to a deposition process , 
by the use of the rest of the protrusion of the third type of ID 
mark 32, the information can be read. Consistent production control 
of the manufacturing processes of the semiconductor device can be 
thus enabled. 

25 Furthermore, according to the semiconductor wafer W of the 

third embodiment, because a protrusion and a depression are formed 
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- simultaneously by laser irradiation, the number of ID marks can be 
reduced, and production of an ID mark is facilitated. 

(FIRST MODIFICATION OF THIRD EMBODIMENT) 
5 A semiconductor wafer Ilk according to a first modification of 

the third embodiment of this invention is different from the 
semiconductor wafer 11 j shown in third embodiment in that, as shown 
in Figs. 18A and 18B, the third type of ID mark 32 is formed close 
to the notch 14 of the first bevel contour 13a, and a third type 
10 of ID mark 32b is formed at the opposite side of the part of the 
- third- type of ID mark 32a. The third type of ID mark 32 is indicated 
by 32a and 32b. Other elements are substantially the same as that 
of the semiconductor wafer 11 j shown in the third embodiment, 
therefore repeated explanation is omitted. 
15 Therefore, according to the semiconductor wafer Ilk of the 

first modification of the third embodiment, even when recognition 
failure occurs for planing the third type of ID mark 32a on the 
first principal side 12a, by the use of the third type of ID mark 
32b on the second principal side 12b, the information can be read. 
20 The consistent production control of the manufacturing processes 
of the semiconductor device can be thus enabled. 

(fourth embodiment) 

A semiconductor wafer 111 according to a fourth embodiment of 
25 this invention is different from the semiconductor wafer llj shown 
in the third embodiment in that, as shown in Fig. 19, a fourth type 



2003-10-17 16:42 !£5fc-FINNEGAN (DC) 



SB 2Hl7E-MIY0SI*MIY0SI 



T-312 P. 031/061 U-378 



of ID mark 41 provided as a combination with first protruding dots 
21a and second recessed dots 21b are formed close to the notch 14 
at a portion of the first bevel contour 13a. Other elements are 
substantially the same as that of the semiconductor wafer Uj shown 
5 in the third embodiment , therefore repeated explanation is omitted . 

The fourth type of ID mark 41 is arranged as shown in Fig. 20A 
and Fig- 20B by the pattern relation that the first dots 21a and 
the second dots 21b are reversal. According to an experiment by the 
inventors, each ID mark formed by the protruding dots and the 
10 recessed shape dots can provide stable recognition, if the height 
of the-pr ot rusion and depth p f the recess are more than lOOnm together, 
i.e. , from the bottom of the depression to the top of the protrusion. 

According to the semiconductor wafer 111 of the fourth embodiment, 
even when recognition failure occurs in the first protruding dots 
15 21a due to the CMP process, by the use of the second recessed dot 
21b, the information can be read. In addition, even when recognition 
failure occurs in the recess of the second dots 21b due to a 
deposition process, by the use of the first protruding dots 21a, 
the information can be read. Consistent production control of the 
20 manufacturing processes of the semiconductor device can be thus 
enabled . 

(fifth embodiment) 

A semiconductor wafer 11m according to a fifth embodiment of 
25 rhe invention is different from the semiconductor wafer 11a shown 
in the first embodiment in that, as shown in Fig. 21, a first type 
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- of ID mark 17i is formed on flax parr 51 close to the notch 14 at 
a, portion of the first bevel contour 13a. The first type of ID mark 
17 is indicated by 17i. Other elements are substantially the same 
as that of rhe semiconductor wafer 11a shown in the first embodiment, 
5 therefore repeated explanation is omitted. 

Flar part 51 is formed by irradiation of stepless pulse laser 
beam in a desired region of the first bevel contour 13a. The part 
51 is considered to be flat by forming a minute dot group in an 
irradiated part. According to an experiment by inventors, when the 
10 height of a minute dot formed by the minute dot group is less than 
lOOnm., part. 51. is considered to be f lat . Furthermore desirable height 
of a minute dot formed by the minute dot group is less than 50nm. 
As for intervals between minute dots formed by a minute dot group, 
3„m is preferable. In addition, when the height of the first dot 
15 21a of the first type of ID mark 17i formed by the flat part 51 is 
more than lQOnm, the information can be read. Furthermore, a 
desirable height of the first dot 21a is more than 400nm. 

In Fig. 22 horizontal axis represents laser power, and ordinate 
is dor height. In other words a graph of fig. 22 shows the relation 
20 between laser power and dot height. As shown in a graph of Fig. 22, 
when flat part 51 is formed, laser power is set in a range of lOOmW 
to I30mw. in addition, when the first type of ID mark 17a is formed, 
laser power is set in a level of l60mW to 320mW. 

A method to form the first type of ID mark 17i in the 
25 semiconductor wafer 11m will be explained with reference to Figs. 
23A and Fig. 23C below. 
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( A) As shown in Fig. 23A, the semiconductor wafer 11m 
having a error ID mark 53 representing a error code formed on the 
first bevel contour 13a, or the first bevel contour 13a having 
more than lOOnm roughness the first bevel contour 13a are prepared. 

5 (B) Next, as shown in Fig. 23B, a stepless pulse laser beam 

controls laser power in a range of lOOmW to 130mW, and irradiates 
a point for the flat part 51 of the first bevel contour 13a. 

(C) Next, as shown in Fig. 23C, a stepless pulse laser beam 
controls laser power in a range of 160mW to 320mW, and irradiates 

10 the flat part 51. The first type of ID mark 17i is formed by the 

above process , 

According to the semiconductor wafer 11m of the fifth 
embodiment, even when the error ID mark 53 representing the error 
code is formed due an operator's mistake or a machine error, the 

15 error ID mark 53 is erased by smoothing, and the first type of 
ID mark 17i of a correct code can be newly formed. In addition, 
even when the semiconductor wafer 11m having a large roughness 
is used in the first bevel contour 13a, the first type of ID mark 
I7i of superior recognition can be formed by smoothing the first 

20 bevel contour 13a. 

(other embodiments) 

The semiconductor wafer 11a according to the first embodiment 
is described to form the first type of ID mark 17a to the bevel contour 
25 13a, but it may be formed to only the second bevel contour 13b. 

in addition, in the fifth embodiment, the error ID mark 53 of 
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- -Che error code was smoothed, and the firsr rype of ID mark 171 of 
an correct code was formed in the same point. However, as shown in 
Fig. 24A, when the error ID mark 53 is formed on semiconductor wafer 
lln, a minute dot group is formed by irradiating a stepless pulse 

5 laser beam to a region of the error ID mark 53. At that rime, the 
error ID mark 53 is nor recognized by setting a marking condirion 
of rhe error ID mark 53, setting a laser beam output, setting an 
interval equally between dors. At a subsequent time, as shown in 
Fig. 24C, rhe first type of ID mark 17j of the correct code may be 

10 formed at a differenr point from rhe point where the error ID mark 

5 3 was formed. HO... . . ... . . .. . . 

in addition, the semiconductor wafer lla-m according with rhe 
firsr to fifth embodiments, notch 14 is arranged as a standard 
feature or a srandard sign to show a standard posirion of a wafer, 
15 bur in particular it is nor a limited fearure. If a photoelectric 
conversion device can recognize an orienration flat or a minute seal 
as a standard position, such flats or seals may be used. 

in addition, it was explained that rhe semiconductor wafer lla-m 
according to the first to fifth embodiments is silicon. However, 
20 gallium arsenide (GaAs ) , indium phosphide UnP) , silicon calcium 
carbide (SiC) , aluminum oxide (Al 2 0 3 ) and gallium nitride (GaN) may 
be applied to the semiconductor wafer lla-m. 

in addition, it was explained that the semiconductor wafer llm 
according to the fifth embodiment, after the first bevel contour 
25 13a is smoothed, the first type of ID mark I7i is formed. Means to 
do the above described smoothing may be applied to the semiconductor 
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- wafer lla-1 according to the first to fourth embodiments. Namely, 
a bottom face of the first recess 16a shown in the first embodiment 
may be turned into a flat part 51 , and the ID mark shown in the second 
to fourth embodiments may be formed on the flat part 51. 

5 in other words, the details of each of the semiconductor wafers 

lla-m according to the first to fifth embodiments may be combined 

in various combination , 

Various modifications will become possible for those skilled 
in the art after receiving the teachings of the present disclosure 
10 without departing from the scope thereof. 
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